The relationships between local food environments and dietary patterns are important for older adults and could be different in men and women. We examined associations between exposure to neighbourhood food sources and food consumption and the moderating role of diet knowledge separately among older women and men living in Montreal in 2003-2005 (n = 722).
N utrition plays a major role in successful aging and in the prevention and management of chronic diseases. 1 However, national surveys highlight concerns regarding inadequate intakes of several foods and nutrients among independent older adults. 2 With advancing age and the onset of chronic diseases, concerns about health and healthy eating increase. Women are more active seekers of nutrition information in their desire to take responsibility for their health, 3 whereas men pay less attention to their food choices. 4 Diet knowledge differs by sex among seniors 5 and is an independent determinant of food choices. 6 Although nutrition knowledge does not necessarily translate into healthier diets, it is a prerequisite for the selection of healthy foods in a competitive food environment where healthy and unhealthy food options co-exist. 7 Few studies have investigated the influence of food environment among older adults, 8, 9 despite the importance of residential neighbourhood influence posited by ecological models of aging. 10 Among younger adults, evidence suggests that better access to supermarkets and the availability of healthy foods as measured in grocery stores are associated with more healthy food choices in the US, but this relationship is not observed consistently elsewhere. 11 Inconsistent findings might be linked to incomplete measures of exposure to the food environment, as many studies have often examined only a single dimension. Absolute measures (e.g., density of specific food outlets, distance to food stores) do not account for the complexity of exposure to diverse food sources. Furthermore, because "healthy" and "unhealthy" sources are often spatially correlated in urban areas, relative measures of exposure may be more adapted to tease out effects. 12 A small but growing number of studies have used such metrics to estimate associations with dietrelated outcomes. 8, 12, 13 Inconsistent findings might also be linked to variations in the dose-response relationship. Ecological models have long recognized dynamic and complex interactions between individuals and their environments. 10 An increasing body of evidence shows a sex-differential impact of the food environment on diet across age groups and socio-economic status. [14] [15] [16] Few studies have explored psychological or psychosocial moderators of diet. 15, 17 The current study examined associations between local foodsource availability and dietary patterns, and tested the moderating role of diet knowledge within an urban, population-based sample of generally healthy and cognitively intact group of older adults living independently. It sought also to determine how these associations are present in men and women after adjustments for health status and social support, two factors known for their joint influence on both diet and access to neighbourhood food sources. 1 
METHODS

Context
The current cross-sectional study is part of the VoisiNuAge study, which integrates person-level data from the Longitudinal Study on Nutrition and Successful Aging (NuAge) cohort, described in detail elsewhere, 18 and area-level data from a geographic information system 19 
Measures Diet
Usual diet over the previous 12 months was assessed by a validated 78-item food frequency questionnaire 20 and further reduced to 37 foods or food groups on the basis of similarity of type of food and nutrient characteristics. Dietary patterns were obtained from a categorical principal components analysis of food groups (see Mercille et al. 8 for a comprehensive description). Standardized scores from a two-uncorrelated factor solution representing "Western" and "prudent" diet patterns were used as continuous outcome variables. Higher scores on the Western pattern indicate greater consumption of processed meats, potatoes, red meat, sweets and refined grains. Higher scores on the prudent pattern represent individuals with healthier food behaviours, higher consumption of fruits, vegetables, fish and yogurt, and lower consumption of refined grains and sweetened beverages. 21 
Residential Food Environment Exposure
Densities of food stores and restaurants within a 500 m road network buffer of participants' homes were calculated using a commercial inventory of businesses and services (Tamec Inc., Zipcom database 2005, Montréal), validated through field verification. 22 Records were identified through the Standard Industrial Classification Code and the product name, corresponding to the classification system found in the yellow pages directory. Densities were capped at the average plus 3.29 SD to remove extreme outliers and reduce skewness. 23 Two relative availability measures were computed for each participant: 1) the percentage of chain and independent fast-food restaurants out of the total number of restaurants (%FFO) and 2) the percentage of stores selling healthy foods (grocery stores, supermarkets, fruit and vegetable stores, farmers' markets, specialty food stores) of all food stores, including convenience stores (%HFS, healthy food stores). Although grocery stores and supermarkets sell both healthy and unhealthy food, they were classified as healthy because of their importance regarding the purchase of healthy foods in the retail environment.
Diet Knowledge
The NuAge questionnaire included questions drawn from the American Dietetic Association nationwide consumer opinion survey, conducted periodically since 1991 among a representative sample of the US adult population (including older adults). 24 Diet knowledge measures were obtained from nine questions on knowledge of the health benefits of the following foods or nutrients: soy-based products, low-fat foods, omega-3 fatty acids, green tea, folic acid, lycopene, antioxidants, red wine and berries. For each item, self-reported stated knowledge ranged from 1 (no knowledge) to 5 (yes, a lot). Internal consistency was 0.82. Principal components analysis (n = 842 participants with complete data) confirmed the unidimensionality of the scale (total variance explained = 0.42). Given that the scale reflected a single dimension, the component loadings were applied as weights to the sum of responses to the set of questions. Sex-stratified tertiles of diet knowledge scores were then used for analyses.
Participant Characteristics
Participants provided information on their age, sex, marital status, place of birth, educational level and annual family income. Health and functional status was assessed using the SF-36 Physical Component Summary and Social Functioning subscale, 25 the Geriatric Depression Scale (GDS) 26 and the System for Measuring Functional Autonomy scale (SMAF Scale). 27 Social environment variables were the number of participants' adult children living in the neighbourhood and a binary variable identifying presence or absence of social support. The social support variable was calculated from the Social Resources Scale of the Older Americans
Resources and Services, 28 assessing support from a spouse, a family member or friend in the following situations: 1) availability of help in case of illness, disability or problem, 2) someone who could take care of the respondent as long as necessary, 3) for a short period of time or 4) from time to time. Finally, to account for the socio-demographic characteristics of the residential environment, three residential neighbourhood variables were computed using 2001 Census data (www12.statcan.ca/english/census01/home/ index.cfm): 1) the proportion of residents in households below the low income cut-off, 2) the proportion of people with a university degree and 3) the proportion of households speaking neither Canadian official language. Area-weighted averages were calculated in which buffers included more than one census tract. All of the above variables were used as covariates in statistical analyses.
Analysis
Descriptive and bivariate analyses were performed. Examination of bivariate relationships among all variables was performed to assess collinearity. Main and moderating effects of diet knowledge and food-source exposure on diet pattern scores were tested using separate linear regression models accounting for covariates for women and men. Continuous covariates were mean centred by sex to reduce multicollinearity between predictors and to facilitate the creation of the graphs necessary for interpretation of significant interactions. Variables for statistical models were entered as follows: 1) predictor variables (i.e., %HFS or %FFO, and diet knowledge) to test for main effects; 2) two-way products of the predictors (%HFS or %FFO*diet knowledge tertiles) to test for interactions. Interactions were identified by significant increments in R 2 in models when two-way products were entered. Finally, models were adjusted by adding the remaining variables. Multicollinearity was evaluated by calculating variance inflation factors (VIF) on final models assessing main effects on diet scores. All VIFs were below 2.5, indicating limited multicollinearity. Only significant interactions were illustrated, by plotting diet scores from the regressions equation at ±1 SD of the average food source exposure for each level of knowledge. The influence of outliers was examined by removing extreme values, with the use of a p < 0.001 criterion for Mahalanobis distance or leverage values >2 p/n (where p is the number of regression parameters) and with Cook distance above average plus three SD in further analyses. 23 As analyses done with and without outliers yielded different findings, the results are reported only for analyses conducted with outliers removed. Statistical significance was set at p < 0.05. PASW software (PASW Statistics 18.0; SPSS Inc., Chicago, IL) was used for statistical analyses. Spatial autocorrelations in the residuals were assessed with Moran's Index, using ArcGIS 9.3.1 (ESRI Inc., Redlands, CA). Table 1 . Male and female respondents were similar on age and residential characteristics, but important between-sex differences are apparent in Table 1 . Women had significantly healthier dietary patterns and higher scores on diet knowledge than men. For men, being more often married and having children living nearby might be related to better social support. Overall health status was good: Physical Component Summary scores were consistent with the SF-36 Canadian normative data, 29 and high Social Functioning scores indicated few limitations in social activities due to health. GDS and SMAF scores were very low, indicating few depressive symptoms or disabilities, and statistically significant differences between sexes were not clinically significant.
RESULTS
Of
26,27
The results of the multivariate linear regressions are reported for both diet scores separately for men and women. Table 2 presents the results for the prudent diet scores and Table 3 for the Western diet scores. Models 1 and 4 show main effects for women and men respectively. Models 2 and 5 show interactions between %HFS and knowledge, whereas Models 3 and 6 show interactions with %FFO. Table 2 .
Sex differences on parameter estimates for main and moderating effects of neighbourhood food source exposure and diet knowledge on prudent diet score*, adjusted for covariates † (n = 722) * Factor scores for dietary patterns represent standardized variables (with mean of 0 and standard deviation of 1). Healthier diets are characterized by higher scores on prudent diet pattern (higher consumption of fruits, vegetables, fish and yoghurt and low consumption of refined grains and sweetened beverages). † Models adjusted for socio-demographic characteristics (sex, age, country of birth, marital status, education, family income), health characteristics (SF36 Physical Component Summary, depression, functional status, SF36 Social Functioning), social environment (support, children living nearby) and residential environment variables (% residents below the low income cut-off, % residents speaking neither French nor English, % residents with university degree).
FOOD ENVIRONMENT AND OLDER ADULTS' DIET
The residential food environment was not associated with diet scores in women for either type of diet (Model 1, Tables 2 and 3 ). Men exposed to a higher percentage of fast-food outlets had scores lower on prudent diet (β = −0.18; p = 0.02) (Model 4 of Table 2 ).
Going from low %FFO (−1 SD) to high %FFO (+1 SD) exposure was associated with a 0.32 decrease in predicted prudent diet score (range of scores: −2.87 to 2.28). In other words, men's diet quality decreased as exposure to fast-food outlets increased.
Lower diet knowledge was associated with lower diet quality, i.e., both lower prudent and higher Western diet scores in women (Model 1 in Tables 2 and 3 ). Lower prudent diet scores in men were associated with lower diet knowledge (Model 4 in Table 2 ). There was no statistically significant interaction between the food environment and diet knowledge for men (Model 5 and Model 6, Tables 2 and 3) . Two significant negative interactions were found for women. The first was between knowledge and %FFO exposure (Model 3, Table 2 ). As shown in Figure 1 , for women with intermediate or high knowledge, greater %FFO exposure was associated with similar prudent diet scores, and for women with low knowledge greater exposure to %FFO was associated with a decrease of 0.48 in prudent diet scores (range of scores: −2.51 to 2.57). A second negative interaction was found between diet knowledge and HFS exposure (Model 3, Table 3 ). While the individual coefficients for interaction terms did not achieve statistical significance, the results were plotted to interpret the overall pattern of relationships (Figure 2 ). Among women with high/intermediate diet knowledge, Table 3 .
Sex differences on parameter estimates for main and moderating effects of neighbourhood food sources exposure and diet knowledge on Western diet score*, adjusted for covariates † (n = 722) * Factor scores for dietary patterns represent standardized variables (with mean of 0 and SD of 1). Healthier diets are characterized by lower scores on the Western diet pattern (less consumption of red and processed meats, potatoes, sweets and refined grains). † Models adjusted for socio-demographic characteristics (sex, age, country of birth, marital status, education, family income), health characteristics (SF36 Physical Component Summary, GDS, SMAF, SF36 Social Functioning), social environment (social support, children living nearby) and residential environment (% residents below the low income cutoff, % residents speaking neither French nor English, % residents with university degree). there was little association with access to HFS; however, women with low diet knowledge were sensitive to the presence of HFS, resulting in lower Western diet scores. Compared with their more knowledgeable counterparts, women with low diet knowledge were slightly older (aged 76.0 vs. 74.6 years; p = 0.002) and had higher (but not clinically significant) scores on GDS (mean 6.3 vs. 5.0; p = 0.01) and SMAF (mean 3.7 vs. 3.0; p = 0.04). 26, 27 Finally, spatial autocorrelation measures computed for all models' residuals were non-significant: Moran's I ranged from −0.18 to 0.12 (all p > 0.13), indicating that no spatial autocorrelation remained in residuals.
DISCUSSION
This exploratory study in a healthy sample of urban-dwelling older women and men replicates previous research investigating the role of nutrition knowledge in diet in older adult populations. 3, 5 We further extended previous work by considering the local food environment in which many food choices may occur. We observed that lower diet quality was more strongly related to the relative availability of fast food close to home for men. Among women, this relationship was significant only for those with low diet knowledge. These observed associations with prudent diet pattern were weak but similar to the relationship observed in the Multi-Ethnic Study of Atherosclerosis between availability of healthy foods in food store offerings and the dietary patterns of 759 adults. 30 Existing evidence on the impact of the food environment on diet is conflicting, and the manner in which to test sex differences remains elusive. Two cross-sectional studies in general adult populations 31, 32 reported no sex differences between exposure to the fast-food environment and diet, while one longitudinal study showed that low-income men may be responsive to the availability of fast foods. 14 Two other cross-sectional studies observed a relationship between the food store environment and fruit and vegetable intake for men but not women.
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Limitations We chose to stratify but not compare our analyses to separately describe patterns in women and men. We observed a significant moderating effect of diet knowledge among women. When living in a supportive food environment, women with lower knowledge reported less harmful dietary patterns, whereas women living in a less supportive environment reported less healthy eating patterns. Possible explanations might be related to gendered social roles, in which food and health tend to be the domains of women. 15, 33 In our cohort, 75% of men were living with a spouse. They may not have developed nutrition-related knowledge for food eaten at home because throughout the years they may have had less responsibility for food shopping and preparation. 33 However, men may be more participative in the selection of food eaten outside the home and may also be more sensitive to unhealthy cues furnished by the presence of fast-food outlets in their environment, regardless of knowledge and marital status. 17, 34 Since NuAge food frequency questionnaires did not specifically assess food consumption from restaurants, future studies could distinguish between food eaten at home and food eaten away from home and in fast-food restaurants. Also, there is less socio-demographic variability in the NuAge cohort than in the reference population, 35 and the effect of exposure to food sources on dietary patterns is likely underestimated. 4 Interestingly, we did not find evidence that HFS exposure influenced prudent diet scores of women or that fast-food outlets exposure influenced Western diet scores differentially as a function of diet knowledge. This result might seem counterintuitive. In the context of metropolitan Montréal, where access to food stores is not generally a problem, 36 the presence of fast-food outlets could prevent the adoption of a healthy diet regardless of the relative availability of HFS. However, using food store type as a proxy for access to healthy food is a limitation of this study. Direct measures of healthy to unhealthy foods stocked in these stores may provide a more nuanced assessment of the food environment, which could improve the assessment of its relation to dietary patterns.
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Other limitations include the cross-sectional design, which precludes causal inference, and the applicability of our results to cohorts of older urban adults recruited more recently, who may differ from those analyzed here. Our study context was also limited to 248 of a total of 862 census tracts in which our respondents resided in the Montreal metropolitan area and may not be representative of variation in food environments in the entire region. Other important neighbourhood characteristics related to food access, such as safety of walking routes, were not accounted for in our analyses. However, given that there was no spatial autocorrelation in the residuals in final models, these influences may be limited.
CONCLUSION
To date, few studies have investigated interactions between the food environment and psychosocial moderators of adults' diet, such as self-efficacy and social support 15 or other psychological factors, 17 especially among older adults. Subgroup analysis is a promising avenue for food environment research, especially as such work could inform targeted interventions.
Better understanding of the psychosocial moderators in the environmental context where people make food choices could provide valuable insights for public health policy. Older adults are receptive to health education interventions, 37 and strategies aimed at changing perceptions about the cost, availability and access of healthy food in local stores may be valuable. 38 Reducing the imbalance between the supply of healthy and unhealthy foods in neighbourhoods with a high concentration of seniors, or increasing access to healthy food in the vicinity, for example, by establishing mobile vendors of fruits and vegetables, could be considered as potential intervention approaches. 39 More evidence from longitudinal research and intervention studies is needed. MÉTHODE : Nous avons estimé la proportion de débits de restauration rapide (DRP) par rapport à l'ensemble des restaurants et la proportion de magasins d'alimentation pouvant offrir des aliments sains (MAS) par rapport à l'ensemble des magasins dans un rayon de 500 m autour du domicile des participants. Deux types d'habitudes alimentaires, qualifiées d' « occidentales » et de « prudentes » pour indiquer les régimes de qualité inférieure et supérieure, respectivement, ont été cernés à partir des données de questionnaires sur la fréquence de consommation des produits alimentaires. Les effets uniques et interactifs des connaissances en nutrition et de l'exposition aux commerces alimentaires sur les scores des habitudes alimentaires ont été analysés selon des modèles de régression linéaire distincts selon le sexe.
RÉSULTATS : Chez les hommes, un pourcentage supérieure d'exposition aux DRP était lié à des notes plus faibles pour le régime « prudent » (β = −0,18, p = 0,02), mais nous n'avons observé aucun effet du pourcentage d'exposition aux MAS, et aucune interaction n'était significative. Chez les femmes, la relation inverse entre le %DRP et le régime « prudent » était la plus forte chez les participantes dont les connaissances en nutrition étaient faibles (β = −0,22, p < 0,01). Aucune autre association n'était significative.
CONCLUSION : Les habitudes alimentaires des hommes peuvent s'expliquer par des repères malsains associés aux débits de restauration rapide. Chez les femmes, les connaissances en nutrition peuvent entraîner à la fois des relations négatives et positives avec l'environnement alimentaire. En l'absence d'effets principaux cohérents de l'environnement alimentaire sur les scores des habitudes alimentaires, l'analyse par sous-groupe est une piste de recherche prometteuse.
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